Nitrogen balance has been used as a main index to determine protein requirement (1) . However, protein requirement should be determined in con sideration of other indices, such as resistances to infection and stress, working capacity, longevity, protein metabolism of body tissues.
The relationship between the amount of protein intake and immunocompe tence has been studied by many workers and their results are well reviewed (2) (3) (4) (5) . However, the responses of immunological indices such as the serum levels of immunoglobulin and complements, phagocytosis of macrophage to the dietary protein level are very complicated and the interpretation of the results is difficult. Another problem is that the immunocompetence is the summation of various immu nological abilities and it is not easy to evaluate the competence from a specific index. Therefore we thought that the resistance against various infections should be studied first and then such indices should be analyzed to find out the mechanism of the change of resistance by dietary protein level. There are some studies which observe the effect of dietary protein level on the resistance against infection. Some have reported a decreased resistance to bacterial or viral infections in protein deficiency (6) (7) (8) (9) (10) (11) (12) , but others reported an increased resistance (10, (13) (14) (15) .
One of the main reasons for such discrepancies seems to arise from ambiguous definition of the words "deficient, normal, and excess" protein intake. In these reports, usually one level of protein deficiency is made in each study but the severity of deficiency varies greatly from severe to moderate. There is a study which shows that the resistance against infection decreases greatly in severe protein deficiency but not in moderate deficiency (8) . The dietary protein level of normal control groups also varies from 20 to 30% of casein. Some workers show that the mice fed a high protein diet reduced their resistance against infection (12, 14) . Then the animals fed the control diet with a high protein level may have lower resistance than the ones fed a moderately protein-deficient diet. This is not a comparison between control and protein-deficient animals, but a comparison between the animals in protein excess and moderate protein deficiency.
Therefore, to understand the relationship between the levels of protein intake and resistance against infection, the resistance must be compared among the animals fed diets which are severely and moderately protein deficient, normal and protein excess. In the present experiment, diets with 6 levels of casein were prepared and given to mice. Since the length on the diets may also affect the nutritional status, the diets were given for 2 and 4 weeks. For infecting mice, group B streptococcus was chosen, because the bacterium is one of the major pathogens for human neonates in certain countries (16) .
MATERIALS AND METHODS
Animals and diets. Two experiments were carried out. Table 1 shows the compositions of the diets used. Nitrogen concentration was determined by the Kjeldahl method (17) . Crude protein of casein was 84.3%. Female DDY strain 3 Table   2 . mice fed the experimental diets for 4 weeks. The food intakes were similar among all the groups except for the 5 and 7% casein diet groups. The values of body and organ weights, serum total protein and serum albumin concentrations were lower in the order of 5, 7, 10, 20% casein diet group and similar in the 20, 30 and 40% casein diet groups with a few exceptions. The cell numbers of the spleen and thymus were fairly proportional to the respective organ weights. The hematocrit values were not much different among the different dietary groups. The carcass protein concentrations of the 5 and 7% casein diet groups were lower than those of the other groups. Results for the same items in Table 2 obtained with mice fed the diets for 2 weeks were not shown, becasue the results were similar to those of mice fed the diets for 4 weeks with some minor exceptions.
DISCUSSION
The results of the present study suggest that in reference to the nutritional sta tus and the resistance against group B streptococcal infection, protein levels can be categorized into 4 groups: severe protein deficiency with low resistance (5% casein diet), moderate protein deficiency with high resistance (7 and 10% casein diets), normal protein intake with normal resistance (20% casein diet), and excess protein intake with low resistance (30 and 40% casein diets). This grouping made the optimal protein-intake level very clear. Desirable levels of dietary protein for higher resistance were from 7 to 20% with casein. From the view of nutritional indices, 20 to 40% casein level was good. Although the growth of the 10% casein diet group would eventually reach the level of the 20 to 40% casein diet groups, problems in their longevity and descendants have already been discussed (21). When we consider both the nutritional indices and the resistance against the bacterial infection, only the 20% casein diet was desirable for mice in this experiment. Therefore, the optimal range of dietary casein levels would be between 15 to 25% under the condition of ad libitum feeding.
This grouping can also explain the reason why the previous results showed higher resistance in protein deficiency than in normal (10, (13) (14) (15) . Most of the studies are the comparison between the diet from 6 to 10% casein and the diet from 25 to 30% casein. They take it as a comparison between protein deficiency and normal, but by the grouping described above we maintain that it is a comparison between moderate protein deficiency and high protein intake. A higher resistance in protein deficiency has seldom been reported in previous studies which compared resistance to bacteria between the animals fed a severely protein-deficient diet and control diet of 20-25% casein.
The present results clearly showed the necessity of an upper limit of protein intake which cannot be drawn from the ordinary methods to determine protein requirement such as nitrogen balance, growth, hematological values, etc. Although the nutritional indices of the 40% protein diet group were similar to those of the 20% casein diet group, the resistance of the 40% protein diet group to group B PROTEIN AND IMMUNOCOMPETENCE 431 streptococci was greatly depressed. Some workers have also reported a decreased resistance against tubercle bacilli in rats and hamsters (12), mice (22, 23) , and chicks (24) fed high protein diets. The mechanism of decreased resistance by high protein intakes is not clear. Layton and Youmans (23) assumed that the decrease of dietary carbohydrate accompanied by the increase of protein provided insufficient carbohydrate for energy requirements, and required the oxidation of fatty acids and proteins, which resulted in the higher production of ketone bodies. Ketone bodies stimulate the growth of mycobacteria. Even if the fact that the resistance against bacterial infections decreases by high protein intakes observed in animal studies holds true for humans, it may hardly be possible that the ill effects by high protein intake can be recognized, because people who take high protein diets usually live in developed countries where better sanitary and medical conditions compensate for the lowered resistance caused by such diets. Therefore it is necessary to study whether this phenomenon really exists in human.
The reason for the strong resistance in the 7 and 1000 casein diet groups and of the sudden depress in the 5% casein diet group is not clear and further studies are now under way.
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